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n Phosphorylation destabilizes a-helices. László Szilák,
Jaideep Moitra, Dmitry Krylov and Charles Vinson. Nat.
Struct. Biol. 4, 112–114.
Phosphorylation of threonine destabilizes the leucine zipper of
a bZIP protein by 4.6 kcal mol–1 dimer–1, which reduces DNA
binding 100-fold. This decrease in stability reflects the low -
helix forming propensity of a phosphorylated threonine.
February 1997. Nature Structure Biology.
n A conserved infection pathway for filamentous
bacteriophages is suggested by the structure of the
membrane penetration domain of the minor coat
protein g3p from phage fd. Philipp Holliger and Lutz
Riechmann. Structure 5, 265–275.
Gene 3 protein (g3p), a minor coat protein from bacteriophage
fd mediates infection of Escherichia coli bearing an F-pilus. Its
N-terminal domain (g3p-D1) is essential for infection and
mediates penetration of the phage into the host cytoplasm
presumbly through interaction with the Tol complex in the E.
coli membranes. Structural knowledge of g3p-D1 is important
for a molecular understanding of phage infection and is of
biotechnological relevance, as g3p-D1 represents the primary
fusion partner in phage display technology. The solution
structure of g3p-D1 was determined by NMR spectroscopy.
The principal structural element is formed by a six-stranded 
barrel topologically identical to a permutated SH3 domain but
capped by an additional N-terminal  helix. The presence of
structurally similar domains in the related E. coli phages lke and
12-2, as well as in the cholera toxin transducing phage ctx, is
indicated. The structure of g3p-D1 resembles those of the
recently described PTB and PDZ domains involved in
eukaryotic signal transduction. The predicted presence of
similar structures in membrane penetration domains from
widely diverging filamentous phages suggests they share a
conserved infection pathway. The widespread hydrogen-bond
network within the  barrel and N-terminal  helix in
combination with two disulphide bridges renders g3p-D1
a highly stable domain, which may be important for keeping
phage infective in harsh extracellular environments.
15 February 1997. Structure.
n Factors affecting the ability of energy functions to
discriminate correct from incorrect folds. Britt H Park,
Enoch S Huang and Michael Levitt. J. Mol. Biol. 266,
831–846.
Eighteen low and medium resolution empirical energy
functions were tested for their ability to distinguish correct
from incorrect folds from three test sets of decoy protein
conformations. The energy functions included 13 pairwise
potentials of mean force, covering a wide range of functional
forms and methods of parameterization, four potentials that
attempt to detect properly formed hydrophobic cores, and one
environment-based potential. The first of the three test sets
consists of large ensembles of plausible conformations for eight
small proteins. The second is the set of all subconformations in
a database of known protein structures. The third is a set of
ensembles of 1000 conformations each for seven small proteins
taken from molecular dynamics simulations at 298 K and 498 K.
The results show that there are functions effective for each
challenge set; moreover, success in one test is no guarantee of
success in another. The authors examine the factors that seem
to be important for accurate discrimination of correct structures
in each of the test sets and note that extremely simple
functions are often as effective as more complex functions.
4 March 1997. Journal of Molecular Biology.
n Folding propensities of peptide fragments of
myoglobin. Martine T Reymond, Gene Merutka, H Jane
Dyson and Peter E Wright. Protein Sci. 6, 706–716.
Myoglobin has been studied extensively as a paradigm for
protein folding. As part of an ongoing study of potential folding
initiation sites in myoglobin, the authors have synthesized a
series of peptides covering the entire sequence of sperm whale
myoglobin. The authors report here on the conformational
preferences of a series of peptides that cover the region from
the A helix to the FG turn. Structural propensities were
determined using circular dichroism and nuclear magnetic
resonance spectroscopy in aqueous solution, trifluoroethanol,
and methanol. Peptides corresponding to helical regions in the
native protein, namely the B, C, D, and E helices, populate the
 region of (,) space in water solution but show no
measurable helix formation except in the presence of
trifluoroethanol. The F-helix sequence has a much lower
propensity to populate helical conformations even in TFE.
Despite several attempts, the authors were not successful in
synthesizing a peptide corresponding to the A-helix region that
was soluble in water. A peptide termed the AB domain was
constructed spanning the A- and B-helix sequences. The AB
domain is not soluble in water, but shows extensive helix
formation throughout the peptide when dissolved in methanol,
with a break in the helix at a site close to the A–B helix
junction in the intact folded myoglobin protein. With the
exception of one local preference for a turn conformation
stabilized by hydrophobic interactions, the peptides
corresponding to turns in the folded protein do not measurably
populate -turn conformations in water, and the addition of
trifluoroethanol does not enhance the formation of either
helical or turn structure. In contrast to the series of peptides
described here, earlier studies of peptides from the GH region
of myoglobin show a marked tendency to populate helical
structures (H), nascent helical structures (G), or turn
conformations (GH peptide) in water solution. This region,
together with the A-helix and part of the B-helix, has been
shown to participate in an early folding intermediate. The
complete analysis of conformational properties of isolated
myoglobin peptides supports the hypothesis that spontaneous
secondary structure formation in local regions of the
polypeptide may play an important role in the initiation of
protein folding.
March 1997. Protein Science.
n NMR structure of the 35-residue villin headpiece
subdomain. C James McKnight, Paul T Matsudaira and
Peter S Kim. Nat. Struct. Biol. 3, 180–189.
The NMR structure of an autonomously folding subdomain
from villin headpiece is reported. It forms a novel three-helix
structure with the actin-binding residues arrayed on the C-
terminal helix.
March 1997. Nature Structural Biology.
n Development of ‘substrate-trapping’ mutants to identify
physiological substrates of protein tyrosine
phosphatases. Andrew J Flint, Tony Tiganis, David Barford
and Nicholas K Tonks. Proc. Natl Acad. Sci. USA 94,
1680–1685.
The identification of substrates of protein tyrosine
phosphatases (PTPs) is an essential step toward a complete
understanding of the physiological function of members of this
enzyme family. PTPs are defined by a conserved catalytic
domain harboring 27 invariant residues. From a mutagenesis
study of these invariant residues that was guided by knowledge
of the crystal structure of PTP1B, the authors have discovered
a mutation of the invariant catalytic acid (Asp181 in PTP1B)
that converts an extremely active enzyme into a ‘substrate
trap’. Expression of this D181A mutant of PTP1B in COS and
293 cells results in an enzyme that competes with endogenous
PTP1B for substrates. The association between the D181A
mutant of PTP1B and these substrates was sufficiently stable
to allow isolation of the complex by immunoprecipitation. The
authors anticipate, therefore, that this method may be widely
applicable to facilitate the identification of substrates of other
members of this enzyme family.
4 March 1997. Proceedings of the National Academy of
Sciences USA.
n Nucleoprotein-based nanoscale assembly. Steven S
Smith, Luming Niu, David J Baker, John A Wendel, Susan E
Kane and Darrin S Joy. Proc. Natl Acad. Sci. USA 94,
2162–2167.
A system for addressing the construction of macromolecular
assemblies can be based on the biospecificity of DNA (cytosine-
5) methyltransferases and the capacity of these enzymes to form
abortive covalent complexes at targeted 5-fluorocytosine
residues in DNA. Using this system, macromolecular assemblies
have been created using two representative methyltransferases:
M⋅HhaI and M⋅MspI. When 5-fluorocytosine (F) is placed at the
targeted cytosine in each recognition sequence in a synthetic
oligodeoxynucleotide (GFGC for M⋅HhaI or FCGG for
M⋅MspI), it is shown that the first recognition sequence
becomes an address for M⋅HhaI, while the second sequence
becomes an address for M⋅MspI. A chimeric enzyme containing
a dodecapeptide antigen linked to the C terminus of M⋅HhaI
retained its recognition specificity. With this assembly system,
components can be placed in a preselected order on the DNA
helix. The authors anticipate that these assemblies will be
useful in the construction of regular protein arrays for structural
analysis, in the construction of protein–DNA systems as models
of chromatin and the synaptonemal complex, and in the
construction of macromolecular devices. 
18 March 1997. Proceedings of the National Academy of
Sciences USA.
n The energy landscape of a fast-folding protein mapped
by Ala→®Gly substitutions. Randall E Burton, Guewha S
Huang, Margaret A Daugherty, Tiffany L Calderone and
Terrence G Oas. Nat. Struct. Biol. 4, 305–310.
A moderately stable protein with typical folding kinetics
unfolds and refolds many times during its cellular lifetime.
In monomeric  repressor, this process is extremely rapid, with
an average folded state lifetime of only 30 ms. A thermostable
variant of this protein (G46A/G48A) unfolds with the wild-type
rate, but it folds in approximately 20 s making it the fastest-
folding protein yet observed. The effects of alanine to glycine
substitutions on the folding and unfolding rate constants of the
G46A/G48A variant, measured by dynamic NMR
spectroscopy, indicate that the transition state is an ensemble
comprising a disperse range of conformations. This structural
diversity in the transition state is consistent with the idea that
folding chains are directed towards the native state by a
smooth funnel-like conformational energy landscape. The
kinetic data for the folding of monomeric  repressor can be
understood by merging the new energy landscape view of
folding with traditional models.
April 1997. Nature Structural Biology.
n Remodeling domain interfaces to enhance heterodimer
formation. Zhenping Zhu, Leonard G Presta, Gerardo
Zapata and Paul Carter. Protein Sci. 6, 781–788.
An anti-p185HER2/anti-CD3 humanized bispecific diabody was
previously constructed from two cross-over single-chain Fv in
which VH and VL domains of the parent antibodies are present
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on different polypeptides. Here, this diabody is used to
evaluate domain interface engineering strategies for enhancing
the formation of functional heterodimers over inactive
homodimers. A disulfide-stabilized diabody was obtained by
introducing two cysteine mutations, VLL46C and VHD101C, at
the anti-p185HER2 VL/VH interface. Eleven ‘knob-into-hole’
diabodies were designed by molecular modeling of sterically
complementary mutations at the two VL/VH interfaces.
Replacements at either interface are sufficient to improve the
fraction of functional heterodimer, while maintaining overall
recoverable yields and affinity for both antigens close to that of
the parent diabody. Domain interface remodeling based upon
either sterically complementary mutations or interchain
disulfide bonds can facilitate the production of a functional
diabody heterodimer. This study expands the scope of domain
interface engineering by demonstrating the enhanced
assembly of proteins interacting via two domain interfaces.
April 1997. Protein Science.
n A mechanism for toxin insertion into membranes is
suggested by the crystal structure of the channel-
forming domain of colicin E1. Patricia Elkins, Amy
Bunker, William A Cramer and Cynthia V Stauffacher.
Structure 5, 443–458.
Channel-forming colicins, including colicin E1, are a sub-family
of bacteriocins. The toxic action of colicin E1 is derived from its
ability to form a voltage-gated channel, which causes
depolarization of the cytoplasmic membrane of sensitive E. coli
cells. In this process, the toxin-like colicin E1 molecule must
undergo a substantial structural transition from a soluble state, in
which it binds the target cell, to a membrane-bound state. The
structure of the 190-residue channel-forming domain of colicin
E1 in its soluble form has been solved at 2.5 Å resolution. This
structure contains 10  helices arranged in three layers (A–C)
with a central hydrophobic helical hairpin in layer B, which is
proposed to anchor the membrane-bound form in the bilayer.
On the basis of the structure of the colicin E1 channel-forming
domain, its comparison with the structure of the colicin A
domain and the known requirement for initial electrostatic and
subsequent hydrophobic interactions, molecular details of the
docking, unfolding and insertion of the channel-forming domain
into the membrane are proposed. The model for docking and
initial interaction with the membrane positions the hydrophobic
hairpin ‘anchor’ approximately parallel to the membrane surface.
Hydrophobic interactions in the docking layer may then be
displaced by interactions with the membrane, spreading the
helices on the surface and exposing the hydrophobic hairpin for
insertion into the membrane.
15 March 1997. Structure.
n A desolvation barrier to hydrophobic cluster formation
may contribute to the rate-limiting step in protein
folding. Jeffrey A Rank and David Baker. Protein Sci. 6,
347–354.
To gain insight into the free energy changes accompanying
protein hydrophobic core formation, the authors have used
computer simulations to study the formation of small clusters
of nonpolar solutes in water. A barrier to association is
observed at the largest solute separation that does not allow
substantial solvent penetration. The barrier reflects an
effective increase in the size of the cavity occupied by the
expanded but water-excluding cluster relative to both the
close-packed cluster and the fully solvated separated solutes;
a similar effect may contribute to the barrier to protein
folding/unfolding. Importantly for the simulation of protein
folding without explicit solvent, the authors find that the
interactions between nonpolar solutes of varying size and
number can be approximated by a linear function of the
molecular surface, but not the solvent-accessible surface of
the solutes. Comparison of the free energy of cluster
formation to that of dimer formation suggests that the
assumption of pair additivity implicit in current protein
database derived potentials may be in error.
February 1997. Protein Science.
n Novel knowledge-based mean force potential at atomic
level. Francisco Melo and Ernest Feytmans. J. Mol. Biol.
267, 207–222.
This paper presents a new approach at the atomic level for the
development of knowledge-based mean force potentials
(MFPs) that can be used in fold recognition, ab initio structure
prediction, comparative modelling and molecular recognition.
Forty different heavy atom types were defined depending on
their bond connectivity, chemical nature and location level
(sidechain or backbone). Using this approach, it has been
possible to obtain average frequencies of pairwise contacts
about 15 times higher than the ones obtained using the classic
way of one heavy atom definition for each amino acid. The
pairwise energy functions of the MFP at the atomic level have
a deep and very well defined minimum for each pairwise
interaction, in contrast to the same curves obtained from the
MFP developed at the amino acid level, which generally have
multiple minima with similar depth. These results also show
that this MFP is able to produce very similar energy profiles
for couples of proteins that share a very low sequence identity
but are also closely related at the structural level. In the same
test, the MFP at the amino acid level fails to produce similar
profiles. The authors suggest that using this MFP at the atomic
level in the last stages of fold recognition or threading, when
some candidates are available, can improve the
sequence/structure alignments and, therefore, the final models.
January 1997. Journal of Molecular Biology.
n Derivation and testing of pair potentials for protein
folding. When is the quasichemical approximation
correct? Jeffrey Skolnick, Lukasz Jaroszewski, Andrzei
Kolinski and Adam Godzik. Protein Sci. 6, 676–688.
Many existing derivations of knowledge-based statistical pair
potentials invoke the quasichemical approximation to estimate
the expected sidechain contact frequency if there were no
amino acid pair-specific interactions. To investigate the
validity of this approximation, the authors introduce two new
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reference states in which no specific pair interactions between
amino acids are allowed, but in which the connectivity of the
protein chain is retained. The first estimates the expected
number of sidechain contacts by treating the protein as a
Gaussian random coil polymer. The second, more realistic,
reference state includes the effects of chain connectivity,
secondary structure, and chain compactness by estimating the
expected sidechain contact probability by placing the
sequence of interest in each member of a library of structures
of comparable compactness to the native conformation. The
sidechain contact maps are not allowed to readjust to the
sequence of interest, i.e. the sidechains cannot repack. This
situation would hold rigorously if all amino acids were the
same size. Both reference states effectively permit the
factorization of the sidechain contact probability into
sequence-dependent and structure-dependent terms. Then,
because the sequence distribution of amino acids in proteins is
random, the quasichemical approximation to each of these
references states is shown to be excellent. Thus, the range of
validity of the quasichemical approximation is determined by
the magnitude of the sidechain repacking term, which is, at
present, unknown. Finally, the performance of these two sets
of pair interaction potentials as well as sidechain contact
fraction-based interaction scales is assessed by inverse folding
tests both without and with allowing for gaps.
March 1997. Protein Science.
n PDB-based protein loop prediction: parameters for
selection and methods optimization. Herman WT van
Vlijmen and Martin Karplus. J. Mol. Biol. 267, 975–1001.
An approach to loop prediction that starts with a database
search is presented and analyzed. To obtain meaningful
statistics, 130 loops from 21 proteins were studied. The
correlation between the internal conformation of the loop and
the conformation of the neighbouring stem residues was
examined. Distances between C and C of the immediate
neighbour residues at each end select template loops as well as
more complex (e.g. three residues on either side) matching
criteria. The best loops among the large number of candidates
can be determined by ranking them with the standard
CHARMM nonbonded energy function (without
electrostatics) applied to the backbone and C atoms. The
same representation (backbone plus C) can be used to
optimize the loop orientations relative to the rest of the protein
by constrained energy minimization. Target loops that have
many nonbonded contacts with the protein yield better results
so that analysis of the nonbonded contacts of the selected
template loops is useful in determing the expected accuracy of
a prediction. The method for loop selection and optimization
predicted eight (out of 18) loops of up to nine residues to an
RMSD better than 1.07 Å relative to the crystal structure; for
17 of the 18 loops, one of the three lowest-energy template
loops had an RMSD of less than 1.79 Å. The prediction of
antibody loops from a database search is more effective than
that for non-antibody loops.
4 March 1997. Journal of Molecular Biology.
n All in one: a highly detailed rotamer library improves
both accuracy and speed in the modelling of
sidechains by dead-end elimination. Marc De Maeyer,
Johan Desmet and Ignace Lasters. Fold. Des. 2, 53–66.
The dead-end elimination method for modelling sidechains,
given known mainchain coordinates, detects and eliminates
rotamers that cannot be members of the global minimum
energy conformation (GMEC). This work addresses at the
same time increased prediction accuracy and calculation speed
improvements. The proposed enhancements allow the
elimination of more than one-third of the possible rotameric
states before applying the dead-end elimination method. This
is achieved by using a highly detailed rotamer library allowing
the safe application of an energy-based rejection criterion
without risking the elimination of a GMEC rotamer. As a
result, the authors gain both in modelling accuracy and in
computational speed. The improved accuracy is highlighted in
a comparative study on a collection of proteins of varying size
for which score results have previously been published by
multiple groups. Furthermore, they propose a new validation
method for the scoring of the modelled structure versus the
experimental data based upon the volume overlap of the
predicted and observed sidechains. This overlap criterion is
discussed in relation to the classic RMSD and the frequently
used ±40° window in comparing 1 and 2 angles.
15 January 1997. Folding & Design.
n Predicting the conformational class of short and
medium size loops connecting regular secondary
structures: application to comparative modelling.
Stephen D Rufino, Luis E Donate, Luc HJ Canard and Tom
Blundell. J. Mol. Biol. 267, 352–367.
Although a loop can sometimes be modelled from a
homologue, very often it must be selected from outside the
family. The loop prediction procedure SLoop attempts to
identify the conformational class of the loop rather than to
select a specific loop from a set of fragments extracted from
known structures or generated ab initio. Templates are
constructed for each of the 161 loop conformational classes
that have been identified from the clustering of the structures
of some 2024 loops of one to eight residues in length. A class
template describes both sequence preferences and relative
disposition of bounding secondary structures. During
comparative modelling, the conformation of a loop can be
predicted by identifying a loop class with which its sequence
and disposition of bounding secondary structures are
compatible. The procedure is tested on an unrelated
nonredundant set of 1785 loops under stringent and lax
evaluation schemes. Optimal sequence score cut-offs are
identified such that the prediction rate is equal to the
percentage of loops assigned to acceptable classes. Under the
stringent evaluation, at the optimal sequence score cut-off, a
conformation is predicted for 50% of loops of which 47% are
correct, while under the lax evaluation a conformation is
predicted for 63% of loops of which 54% are correct.
Sequence score is shown to be a good indicator of the
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probability of a prediction being correct. Loop length also has
a strong effect on prediction outcomes. Considering only
loops of two or five residues in length, under the stringent
evaluation 62% of loops are predicted with 52% of these
predictions being correct, while under the lax evaluation
predictions are provided for 75% of loops of which 57% are
correct.
28 March 1997. Journal of Molecular Biology.
n A structural model for GroEL–polypeptide recognition.
Ashley M Buckle, Ralph Zahn and Alan R Fersht. Proc. Natl
Acad. Sci. USA 94, 3571–3575.
A monomeric peptide fragment of GroEL, consisting of
residues 191–376, is a mini-chaperone with a functional
chaperoning activity. The authors have solved the crystal
structure at 1.7 Å resolution of GroEL (191–376) with a 17-
residue N-terminal tag. The N-terminal tag of one molecule
binds in the active site of a neighbouring molecule in the
crystal. This appears to mimic the binding of a peptide
substrate molecule. Seven substrate residues are bound in a
relatively extended conformation. Interactions between the
substrate and the active site are predominantly hydrophobic,
but there are also four hydrogen bonds between the mainchain
of the substrate and sidechains of the active site. Although the
preferred conformation of a bound substrate is essentially
extended, the flexibility of the active site may allow it to
accommodate the binding of exposed hydrophobic surfaces in
general, such as molten globule type structures. GroEL can
therefore help unfold proteins by binding to a hydrophobic
region and exert a binding pressure toward the fully unfolded
state, thus acting as an ‘unfoldase’. The structure of the mini-
chaperone is very similar to that of residues 191–376 in intact
GroEL, so the authors can build it into GroEL and reconstruct
how a peptide can bind to the tetradecamer. A ring of
connected binding sites is noted that can explain many aspects
of substrate binding and activity.
April 1997. Proceedings of the National Academy of Sciences
USA.
n Refolding chromatography with immobilized mini-
chaperones. Myriam M Altamirano, Ralph Golbik, Ralph
Zahn, Ashley M Buckle and Alan R Fersht. Proc. Natl Acad.
Sci. USA 94, 3576–3578.
Mini-chaperones (e.g. a peptide consisting of residues 191–345
of GroEL) that are immobilized on agarose have very efficient
chaperoning activity with several proteins that are otherwise
recalcitrant to renaturation by conventional methods. The
authors have used immobilized mini-chaperones both in
column chromatography and batchwise to renature an
insoluble protein from an inclusion body, to refold apparently
irreversibly denatured proteins, and to recondition enzymes
that have lost activity on storage. Refolding chromatography
offers an efficient and simple means to renature proteins in
high yield and with biological activity.
April 1997. Proceedings of the National Academy of Sciences
USA.
n Ribosomes and ribosomal RNA as chaperones for
folding of proteins. Wieslaw Kudlicki, Ashley Coffman,
Gisela Kramer and Boyd Hardesty. Fold. Des. 2, 101–108.
Provocative recent reports indicate that the large subunits of
either prokaryotic or eukaryotic ribosomes have the capacity to
promote refolding of denatured enzymes. Salt-washed E. coli
ribosomes are shown to promote refolding of denatured
rhodanese. The ability of the ribosomes to carry out
renaturation is a property of the 50S ribosomal subunit,
specifically the 23S rRNA. Refolding and release of
enzymatically active rhodanese leaves the ribosomes in an
inactive state or conformation for subsequent rounds of
refolding. Inactive ribosomes can be activated by elongation
factor G (EF-G) plus GTP or by cleavage of their 23S rRNA by
-sarcin. Activation by either mechanism is strongly inhibited
by the EF-G⋅GDP⋅fusidic acid complex. Large subunits of E.
coli ribosomes, specifically 23S rRNA, have the capacity to
mediate refolding of denatured rhodanese. Refolding activity
is related to the state or conformation of ribosomes that is
promoted by EF-G. Activation by either mechanism is strongly
inhibited by the EF-G⋅GDP⋅fusidic acid complex.
4 February 1997. Folding & Design.
n Substrate specificity of the DnaK chaperone
determined by screening cellulose-bound peptide
libraries. S Rudiger, L Germeroth, J Schneider-Mergener
and B Bukau. EMBO J. 16, 1501–1507.
Hsp70 chaperones assist protein folding by ATP-dependent
association with linear peptide segments of a large variety of
folding intermediates. The molecular basis for this ability to
differentiate between native and non-native conformers was
investigated for the DnaK homolog of E. coli. The authors
identified binding sites and the recognition motif in substrates
by screening 4360 cellulose-bound peptides scanning the
sequences of 37 biologically relevant proteins. DnaK binding
sites in protein sequences occurred statistically every 36
residues. In the folded proteins, these sites are mostly buried
and in the majority found in -sheet elements. The binding
motif consists of a hydrophobic core of four to five residues
enriched particularly in Leu, but also in Ile, Val and Tyr, and
two flanking regions enriched in basic residues. Acidic residues
are excluded from the core and disfavoured in flanking regions.
The energetic contribution of all 20 amino acids for DnaK
binding was determined. On the basis of these data, an
algorithm was established that predicts DnaK binding sites in
protein sequences with high accuracy.
1 April 1997. EMBO Journal.
n Native-like structure of a protein-folding intermediate
bound to the chaperonin GroEL. Matthew S Goldberg,
Jing Zhang, Stacey Sondek, C Robert Matthews, Robert O
Fox and Arthur L Horwich. Proc. Natl Acad. Sci. USA 94,
1080–1085.
The chaperonin GroEL binds non-native proteins in its
central channel through hydrophobic interactions and
initiates productive folding in this space underneath bound
co-chaperone, GroES, in the presence of ATP. The issue of
where along the folding pathway a protein is recognized by
GroEL and how much structure is present in a bound substrate
have remained subjects of discussion, with some experiments
suggesting that bound forms are fully unfolded and others
suggesting that bound species are partially structured. Here,
the authors have studied a substrate protein, human
dihydrofolate reductase (DHFR), observing in stopped-flow
fluorescence experiments that it can rapidly bind to GroEL at
various stages of folding. The authors have also analyzed the
structure of the GroEL-bound protein using
hydrogen–deuterium exchange and NMR spectroscopy. The
pattern and magnitude of amide proton protection indicate that
the central parallel -sheet found in native DHFR is present
in a moderately stable state in GroEL-bound DHFR.
Considering that the -strands are derived from distant parts of
the primary structure, this suggests that a native-like global
topology is also present. The authors conclude that significant
native-like structure is present in protein-folding intermediates
bound to GroEL.
February 1997. Proceedings of the National Academy of
Sciences USA.
n The effect of macromolecular crowding on chaperonin-
mediated protein folding. Jörg Martin and F Ulrich Hartl.
Proc. Natl Acad. Sci. USA 94, 1107–1112.
The cylindrical chaperonin GroEL and its cofactor GroES
mediate ATP-dependent protein folding in E. coli. Recent
studies in vitro demonstrated that GroES binding to GroEL
causes the displacement of unfolded polypeptide into the
central volume of the GroEL cavity for folding in a
sequestrated environment. Resulting native protein leaves
GroEL upon GroES release, whereas incompletely folded
polypeptide can be recaptured for structural rearrangement
followed by another folding trial. Additionally, each cycle of
GroES binding and dissociation is associated with the release
of non-native polypeptide into the bulk solution. Here, the
authors show that this loss of substrate from GroEL is
prevented when the folding reaction is carried out in the
presence of macromolecular crowding agents, such as Ficoll
and dextran, or in a dense cytosolic solution. Thus, the release
of non-native polypeptide is not an essential feature of the
productive chaperonin mechanism. The results argue that
conditions of excluded volume, thought to prevail in the
bacterial cytosol, increase the capacity of the chaperonin to
retain non-native polypeptide throughout successive reaction
cycles. The authors propose that the leakiness of the
chaperonin system under physiological conditions is adjusted
such that E. coli proteins are likely to complete folding without
partitioning between different GroEL complexes.
Polypeptides that are unable to fold on GroEL eventually will
be transferred to other chaperones or the degradation
machinery.
February 1997. Proceedings of the National Academy of
Sciences USA.
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